Abstract Small area population projections are useful in a range of business applications. This paper uses a case study to show how this type of task can be accomplished by using the Hamilton-Perry method, which is a variant of the cohortcomponent projection technique. We provide the documentation on the methods, data, and assumptions used to develop two sets of population projections for census tracts in Clark County, Nevada, and discuss specific factors needed to accomplish this task, including the need to bring expert judgment to bear on the task. Our experience suggests that the Hamilton-Perry Method is an important tool and we advise considering it for small forecasting needs in the private sector.
profitability of a market (Ambrose and Pol 1994) . In addition, Swanson has used small area projections to assess the short and long term effects of Hurricane Katrina on a medical practice (Swanson and Pol 2008) Small area population projections also are used by governmental and other entities for strategic planning in regard to economic development. In one such instance, the Southern Nevada Regional Planning Coalition issued a Request for Proposals in 2005 on a project to develop sub-county population and labor force projections by age and sex for Clark County to the year 2020. Clark County covers all of southern Nevada from Arizona west to California and contains the cities of Las Vegas, North Las Vegas, Boulder City, Henderson, Searchlight, Mesquite, and Laughlin, along with unincorporated places such as Jean.
The projections were requested in order to meet several needs, of which a primary one was the identification of areas that could be targeted for specific types of business development, in part because of the characteristics of the resident population, both as consumers and as potential workers. The authors responded to this RFP and were selected as the contractor to carry out this project in late 2005. Work commenced in February, 2006 and was completed in October, 2006 .
The standard cohort-component approach is the method of choice when age and sex data are desired in a forecast (Smith et al. 2001) . However, at the sub-county level, it is extremely difficult to implement. To start with, while it is possible to obtain direct data on age and sex from the 2000 census, corresponding direct data on births and deaths are not routinely available, making corresponding indirect data on migration also not routinely available. Thus, as noted by Smith et al. (2001, p. 160) , ''…the Hamilton-Perry method (Hamilton and Perry 1962) is often the best cohortcomponent method to use for sub-county projections.'' As a consequence, the proposal was based on using the Hamilton-Perry Method as the basis for the subcounty population projections it developed to support the economic development plans of the Southern Nevada Regional Planning Coalition. As will be discussed, there were some obstacles to overcome in this effort, obstacles that led to some simple, but important refinements to the Hamilton-Perry Method.
The Hamilton-Perry Method
The major advantage of this method is that it has much smaller data requirements than the traditional cohort-component method. Instead of mortality, fertility, migration, and total population data, the Hamilton-Perry method simply requires data from the two most recent censuses (Smith et al. 2001, pp. 153-158) . The Hamilton-Perry method projects population by age and sex using cohort-change ratios (CCR) computed from data in the two most recent censuses. The formula for a CCR is:
n CCR x ¼ n P xþy;l = n P x;b where n P x?y,l is the population aged x ? y to x ? y ? n in the most recent census (l), n P x,b is the population aged x to x ? n in the second most recent census (b), and y is the number of years between the two most recent censuses (l-b).
Using the 1990 and 2000 censuses as an example, the CCR for the population aged 20-24 in 1990 would be: 5 CCR 20 ¼ 5 P 30;2000 = 5 P 20;1990 The basic formula for a Hamilton-Perry projection is: n P xþz;t ¼ n CCR x Ã n P x;l where n CCR x ¼ n P xþy;l = n P x;b À Á and, as before, n P x?y,l is the population aged x ? y to x ? y ? n in the most recent census (l), n P x,b is the population aged x to x ? n in the second most recent census (b), and y is the number of years between the two most recent censuses (l-b). Using data from the 1990 and 2000 censuses, for example, the formula for projecting the population 30-34 in the year 2010 is: The quantity in parentheses is the CCR for the population aged 20-24 in 1990 and 30-34 in 2000.
Given the nature of the CCRs, 10-14 is the youngest age group for which projections can be made (if there are 10 years between censuses). To project the population aged 0-4 and 5-9 one can use the Child Woman Ratio (CWR). It does not require any data beyond what is available in the decennial census. For projecting the population aged 0-4, the CWR is defined as the population aged 0-4 divided by the population aged 15-44. For projecting the population aged 5-9, the CWR is defined as the population aged 5-9 divided by the population aged 20-49. Here are the CWR equations for males and females aged 0-4 and 5-9, respectively. The quantity in parentheses is the CCR for the population aged 75? in 1990 and 85? in 2000.
The Hamilton-Perry Method can be used to develop projections not only by age, but also by age and sex, age and race, age, sex and race, and so on (Smith et al. 2001, p. 156) .
On disadvantage of the Hamilton-Perry method, is that it can lead to unreasonably high projections in rapidly growing places and unreasonably low projections in places experiencing population losses (Smith et al. 2001, p. 159) . Geographic boundary changes are an issue, even with census tracts. Since the Hamilton-Perry and other extrapolation methods are based on population changes within a given area, it is essential to develop geographic boundaries that remain constant over time. For some sub-county areas, this presents a major challenge, however. Fortunately, there are ways of overcoming these limitations of the Hamilton-Perry Method. They include:
1. Control Hamilton-Perry projections to independent projections produced by some other method; 2. Calibrate Hamilton-Perry projections to post-censal population estimates 3. Set limits on population change (i.e., establish ''ceilings'' and ''floors''); and 4. Account for all boundary changes;
Data
In 2000, the population of Clark County was enumerated at 1,375,765. By 2005, it was estimated by the U.S. Census Bureau to be at 1,691,213, an increase of 22.9%. It has been one of the fastest growing counties in the country for over the past 20 years. Clark County's major city, Las Vegas, had an enumerated population of 478,434 in 2000; by 2005 it was estimated at 538,653, an increase of 12.6%. To give you an idea of the magnitude of the change affecting Clark County, note that Las Vegas went from being the 63rd largest city in the US in 1990 to the 32 nd largest in 2000. As of the 2000 census, there were 356 census tracts in Clark County. They contained 3,318 block groups. These tracts and block groups are the geographies for which the projections are done. However, in 1990 there were only 120 census tracts in Clark County and they contained less than 1,200 block groups. Thus, to get to the projections, census tract changes between 1990 and 2000 had to be taken into account in order to calculate CCRs correctly. To do this, the Census Bureau's ''Census Tract Relationships'' file for Nevada was employed. 
Methods
To accomplish the projections for the 356 census tracts and their 3,318 block groups in Clark County, three steps were used. First a set of preliminary projections was produced using 1990-2000 CCRs, calibrated to estimates of the total population of each census tract in 2004. Second, as set of provisional projections was produced, which the preliminary projections were re-run with caps and floors. Third, the provisional projections were turned into final projections via two scenarios, which we discuss in more detail later:
(1) Hamilton-Perry Final (Provisional); and (2) ''REMI: Controlled
The Preliminary Population Projections
In early March of 2006, preliminary sub-county control projections by age were completed using the Hamilton-Perry Method. As described earlier, the projections are based on cohort change ratios between 1990 and 2000 for Clark County tracts These preliminary projections were edited and double-checked and then used as controls for projections launched from 2000 block groups. The refined projections were informed by the actual location of these tracts and tract groups in the county (via maps) (Fig. 1) .
The initial sub-county control projections are done by age (not by sex and age) because of how age data are reported for tracts in1990. As the projections were refined, sex was included.
The block group data for Clark County were assembled while the preliminary tract projections were being done. Both tasks were completed in early March and preliminary projections for were made for them using the refined tract level control projections. A subset of the preliminary projections was distributed for review shortly thereafter. The excel files containing these projections were set up so that the BGs and tracts in which they are located can be easily identified and the projections easily read for purposes of review. This subset showed that the projections for all block groups could be loaded into a single file that was easier to analyze than the excel files used to generate the preliminary, revised, and final projections. This approach to organizing the projections was deemed acceptable and work proceeded accordingly.
The preliminary projections were distributed for review in early April. These projections were extrapolations of the 1990-2000 cohort change ratios and as such represented what the populations of the tracts (and when summed up, Clark County as a whole) would be if the 1990-2000 components of population change remain in effect to 2020. It was noted that this assumption may be reasonable in some cases, but unlikely to be reasonable in many, as revealed by the review of the preliminary projections. The reviewers were also advised to keep in mind that as control totals and other modifications were developed in the round of work in which to revise the preliminary projections were revised and became provisional projections.
The review of the preliminary projections was used to identify block groups (tracts) that: (1) have no substantial group quarters population and are ''filled in,'' such that a continuation of 1990-2000 components of change is unrealistic given current land use and other constraints;(2) have no substantial group quarters population and had little (or even zero) population in 2000 and little, if any change from 1990 to 2000, but for which growth could be explosive as housing is built and populations move into these areas; (3) have no substantial group quarters population and have moderate growth potential-are neither filled in nor subject to potentially explosive change; and (4) have substantial group quarters populations (barracks, prisons, dorms) and, as such, have different population change dynamics than those areas without substantial group quarters populations. These identifications were used to develop ''control totals'' to use as a basis for the ''calibration'' and ''adjustments'' of the 1990-2000 CCRs, which, when completed, will produce the provisional projections that, in turn, will form the basis of the development of the final projections when informed judgment is applied to them. All of these features, it was noted, could be captured by using the 2004 tract level estimates for Clark County as calibration points.
The Provisional Population Projections
As soon as the preliminary projections were reviewed, work started on the provisional projections. The provisional projections were based on the calibrations of the preliminary projections to the 2004 population estimates produced by the Clark County Department of Comprehensive Planning for each of the 268 (or so) census tracts in Clark County. This means that the projection trajectory out to the horizon of 2020 conforms to the trend defined by the change between 2000 population totals and the 2004 population totals. That is, the age-sex data produced by the 1990-2000 cohort change ratios are controlled to this trend.
After, inspecting the preliminary projections and considering realistic rates of extended growth, a ceiling was placed on the annual rate of growth that a tract can A provisional projection file for Tract 101 and its four block groups was distributed for review during the second week of April. It represented what was believed to be the most reasonable configuration for generating and reviewing the provisional projections. Basic documentation was included in the file. At the same time, the review team was informed that the remaining provisional projections will also be sent separately by tract (268 separate files) and that like the one for Tract 101, each file will provide census 2000 numbers and both the preliminary and provisional projections for 2005, 2010, 2015 , and 2020 by block group and for the tract as a whole. During this same period, it was determined that including race along with age and sex was not feasible because of the way that small numbers were entwined with spatial distributions.
Starting on June 1st, the provisional projections were distributed for review. This set also served as ''near-final'' projections. By mid-June, the set of population projections for all census tracts and each of their constituent block groups in Clark County was delivered (as an ms-excel file). The tracts (and their constituent BGs) that comprise this file are those listed in the report titled ''Clark County, Nevada 2004 Population-By Census Tract, By Housing Type, July 1 2004'' (which is found at the Clark County Planning Department's website) and two tracts (and their constituent BGs) not listed in this report: Tract 500 and Tract 6102. Note that the sum of the 2000 census data by tract does not match the total shown for all of Clark County in 2000 by the U. S. Census Bureau: the sum of the tract totals is less than the total given for all of Clark County.
We checked and double-checked the 2000 data by tract and found that they were the same as provided for these same tracts by the U. S. Census Bureau and the tracts in the file match those shown in the county's list for the 2004 estimates (plus two tracts that were found and not in the list, namely census tracts 500 and 6102). Further checking of the census tract listings in different sources did not reveal the reason for this discrepancy (e.g., we took the census tract data directly from American Factfinder on the Census Bureau's webpage and it could be the case that they omitted some of Clark County's tracts in this source) as well as ''corrections'' that may have been issued by the U.S. Census Bureau that entered one set of data but not another.
The Final Population Projections and the Two Scenarios: REMI and Constrained As described earlier, the final projections we generated via two scenarios:
(1) The Provisional Scenario as described earlier, now referred to as the ''Hamilton-Perry Final Scenario;'' and (2) the ''REMI'' Scenario.
The reason for having two scenarios stemmed from a discussion that took place during the later part of June among reviewers, which led to the idea to ''control'' the population projections to independent total population forecasts for Clark County done by the Center for Business and Economic Research at UNLV. Because these forecasts are made using the REMI model (Treyz 1993; Treyz et al. 1993) , they are labeled the ''REMI'' forecasts. What are the REMI forecasts? Each year, the Regional Transportation Commission, the Southern Nevada Water Authority, Clark County Comprehensive Planning, and the Center for Business and Economic Research at the University of Nevada, Las Vegas, work together to provide a long-term forecast of economic and demographic variables influencing Clark County. The primary goal is to develop a long-term forecast of Clark County population that is consistent with the structural economic characteristics of the county. Toward this end, a general -equilibrium demographic and economic model developed by Regional Economic Models, Inc. (REMI) specifically for Clark County is employed. The model is annually recalibrated to reflect the most current information available about the local economy, to include the most recent information about employment growth, expected hotel construction, transit investment, and an amenity variable representing negative externalities from a larger population. The version used in conjunction with the census tract/block group projections predicts positive economic growth throughout the range of the forecast, with a population forecast of 2,999,953 in 2020 and 3,580,908 at the end of the REMI horizon in 2035.
The total population figures for 2005, 2010, 2015 , and 2020 were compared against the forecasted ''REMI'' totals for the county for these same years and the REMI numbers were found to be consistently higher. These comparisons are summarized in Table 1 . The suggestion was made to use both REMI controlled population projections and the ''final ''projections we had already developed and issue them as two projection scenarios (1) the REMI scenario; and (2) the CONSTRAINED scenario.
The REMI scenario required special handling because population change is not uniformly distributed over Clark County, which meant that all tract (and block group) population projections should not be controlled to REMI. Instead, the census tracts that had already experienced ''fill-in'' had to be distinguished from those that could accommodate the growth implied by the REMI forecast. The summaries shown in Tables 1, 2 , and 3 resulting from this process were distributed for review in late June.
It made no sense to allocate the preceding differences into all/most tracts/BGs by using a proportional share or anything similar because many of the tracts/BGs cannot accommodate more growth given current levels of ''in-fill'' and existing land-use regulations and related issues. The differences shown above were allocated into the tracts that are most likely to bear the brunt of growth generated by the REMI forecasts. These are census tracts that tend to be at the fringe of current high growth areas that are now ''filling in,'' given certain restrictions (e.g., no growth was allocated into Red Rock Canyon National Conservation Area). With this in mind, eight census tracts were identified as those most likely to bear the brunt of the growth under the REMI scenario and put all of the differences into these eight tracts. Thus, the differences noted above were allocated into eight census tracts (and the BGs that comprise them) as follows. It was noted that in order to adjust everything to the REMI totals, there are/will be inconsistencies between the 2004 (and 2005) estimates for the preceding tracts, but these inconsistencies are part of the price for using the REMI controls and implementing them in such away as to avoid stuffing people into tracts where they literally cannot fit.
The preceding population projections were reviewed during July of 2006 and deemed final in August.
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Results Space prohibits us form providing the details for each census tract, much less the block groups (the detailed results are available from the authors in the form of excel spreadsheets) However, as an example, we display results for census tract 5703. Table 4 shows the results for this tract under the ''REMI'' scenario. Table 5 shows the ''Hamilton-Perry Scenario (not controlled to REMI) for this same tract.
Discussion
The standard Cohort-Component Method was not feasible for this project because of lack of birth, death, and migration data at sub-county level. The HamiltonPerry Method was selected instead because it is a type of cohort-component method and, as such, can generate age and sex data, which were required for this project.
As can be gleaned from this presentation, the Hamilton-Perry Method was not, however, a ''quick and easy'' method to implement. It required calibrations and adjustments, especially for certain tracts (and their constituent BGs) to include identifying those tracts that: (1) grew rapidly between 1990 and 2000, but for which ''in-fill'' had largely occurred by 2005; (2) had little, if any, population in 2000, but were starting to grow rapidly by 2005; (3) had little, if any, population in 2005, but which were going to start growing rapidly by 2010; and (4) were declining between 1990 and 2000, but which would not decline at the same rate to 2020. Thus, specific knowledge of these areas was required to generate plausible forecasts-ones that were not unreasonably high in rapidly growing places and unreasonably low projections in places experiencing population losses. This specific knowledge was gained via a ''local expert review process'' similar to one used by Swanson et al. (1998) in the development of enrollment forecasts for a school district in Oregon.
We conclude by observing that the Hamilton-Perry Method is an important tool in that it can generate valid sub-county population projections, but it requires informed judgment. In areas that have been subjected to rapid population changes, informed judgment is critical. However, the combination of data assembly and expert judgment can mean that a deal of work is required to implement the method. You can get a sense of this effort by following the timeline described in the paper in which we provide approximate dates (e.g., late June) by which certain milestones were met and products were delivered, with work having commenced in February, 2006 and completed in October, 2006 . We believe that it is well worth the effort because the resulting projections not only have internal validity but, also, ''face validity'' (Smith et al. 2001, pp. 282-285) . The Hamilton-Perry is very useful in this regard because it is transparent and easy to explain to a wide range of audiences. Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.
